Introduction
Although the heat capacity of iron at different temperatures has been the subject of a number of investigations in the past, it is only recently th a t iron of purity greater than 99*9 % has been available. Furthermore, in most previous determinations the property actually measured has been the total heat over a relatively large temperature range. Specific heats deduced from such measurements are liable to appreciable error, since if the total heat curve is smoothed, small fluctuations in the specific heat will be concealed, whereas if the actual observations are retained without smoothing, fluctuations which have no physical existence may appear in the result. Thus, suppose th a t the total heat is measured from 50 to 145 and from 50 to 155° C, the former being in error by 1 part in 1000 in excess and the latter the same amount in defect, the error in the specific heat over the range 145-155° C will be almost . 2 %. Evidently a real variation of 1 or 2 % would be liable to pass unnoticed if any smoothing is undertaken, and conversely, fluctuations of this order may be introduced spuriously if the observations are used without smoothing. In general, calorimetry from high temperatures cannot be carried out to an accuracy of 1 part in 1000, and in any case, even this accuracy is insufficient a t temperatures of the order of 1000° C.
Iron of high purity having been prepared a t the Laboratory, it was decided to determine the specific heat by an electrical method in which the thermal capacity is measured over ranges of 5° C or less. I t is found in the present work th a t the specific heat rises fairly regularly from a value of 0*113 cal./g. a t 50° C to the " magnetic poin t" , which occupies a range of more than 100° C, with a sharp peak a t 755° C, where the specific heat is 0*28 cal./g. The abrupt discontinuities which have been reported by some authors (see for example, Naeser (1935) who gives details of the earlier work) a t temperatures below 450° C were not found. There is, however, a broad band centred about 200° C in which the specific heat rises to a maximum of The specific heat was determined on a cylindrical specimen weighing about 1200 g. prepared in the Metallurgy Department of the Laboratory by Dr F. Adcock. The purity was higher than th a t of the 99*99 % iron of which an analysis is given in the N.P.L. pamphlet Physical constants of pure metals (1936) .* F ig ure 2. Furnace of small thermal inertia.
The specimen was drilled out for the recept ion of a heater of nichrome wire wound on a steatite former, as shown in figure 1. The resistance of the heater was approximately 80 Q, and the lower part of the hole into which it was inserted was plugged with asbestos wool. The specimen was surrounded by a light metal jacket heated by radiation from a furnace of K anthal strip built around it (figure 2). By means of two thermocouples, one attached to the surface of the specimen and the other to the jacket and connected to a galvanometer of special design, it was possible to have as scale reading the difference of temperature between the specimen and jacket. In practice, the current in the furnace was continuously adjusted by hand so th at the jacket and specimen were always at the same temperature, and consequently there was no net loss of heat from the specimen throughout the experiment. The specific heat was thus obtained directly by measurement of the energy supplied by means of the internal heater and of the temperature rise of the specimen, as given by base-metal thermocouples plugged into the sur face.
I t has been found in preliminary work th at at high temperatures it was essential to insulate the thermocouples from each other in order to avoid errors due to parasitic currents, and a galvanometer was therefore used having two windings insulated from each other but so arranged as to have the same magnetic moment for the same current. The couples on the specimen and jacket were connected to the two coils of the galvanometer so as to be in opposition to each other. W ith such an arrangement, there is no natural " zero " when the two junctions of the thermocouple are at the same temperature, and further, the balance of the two coils is not quite perfect. The " zero" position was therefore determined at the commencement of a run and also half-way through by finding the condition under which there was no change of temperature of the specimen when no heat was being generated in the internal heater, although the specimen and the jacket were hotter than their surroundings. At the end of an experiment, after switching off the current in the internal heater, the galvanometer spot was maintained on this " zero" for some time, and the temperature drift of the specimen measured. Owing to the imperfect match of the coils of the galvanometer, and to unavoidable slight differences in the e.m.f. of different thermo couples, this drift was not usually negligible. A correction was applied to all the results on the basis th at the drift had grown uniformly throughout the experiment, and th at a t any time when the drift was a fall of n degrees per second, if the observed rise was N° in t sec., the corrected rise was (N + nt) degrees in the same time.
In order to reduce heat loss and avoid thermal lag in the response of the enclosure to the adjustment of furnace current, radiation shields of stainless steel were used outside the furnace, but without any other insulation. The whole apparatus was enclosed in a large steel bell-jar, which was cooled by water flowing in a pipe spot-welded to it as shown in figure 1. The bell-jar stood on a massive steel base plate, and the whole apparatus was evacuated to a pressure of about 0-1 mm., the joint between the bell-jar and base plate being made with a rubber ring and sealed with de Khotinsky cement. The thermocouple wires were brought out through a tube through the base plate, sealed with wax. The electrical connexions to the furnace and to the internal heating coil were made through six sparking plugs with heavy copper electrodes, screwed into the base plate. The specimen was supported on rods of high-speed steel, capped with steatite to prevent heat loss.
When the current in the internal heater is first switched on, the tempera ture of the specimen does not appear to rise instantaneously, since a tem perature gradient has to be established in the specimen. Similarly, after switching off the current, there is a further rise before the temperature becomes steady. The net heat input of course corresponds to the total temperature rise, and it would be possible to explore the curve of specific heat against temperature by a series of such isolated experiments, each covering a range of say 5° C, though it would be difficult in the neighbourhood of a transformation point. I t is preferable, however, to put the internal heater in action continuously, and to observe the time taken for the specimen to rise through determined temperature ranges. By this procedure, the temperature gradient in the specimen causes no error in the temperature rise, unless the gradient itself is changing, though the temperature measured a t the surface is slightly below the mean temperature of the volume of the specimen. A simple calculation shows th at it is unlikely to be in error by as much as 3° C under the conditions prevailing throughout the greater part of the temperature range. The change in specific heat for a change of 3° C in mean temperature is negligible. Near the magnetic and a-y points, where the specific heat increases greatly, the specimen rises much more slowly in temperature, and the gradient of temperature between the inside and outside is greatly reduced, so th at again there is no serious error introduced by it. In practice, the specimen was heated a t two different rates (the heat input being 50 and 35 W in the two cases) and the time was observed for each successive rise of 200 or 400 p V (about 5 or 10° C) reading, by stopping one stop-watch and starting another as the galvano meter spot crossed the zero line. The potentiometer was then set for the next temperature, and the second stop-watch stopped as the spot again reached the zero line, the first watch being started at the same time, to read the time for the next period. When the transformation temperatures were approached, the temperature intervals were reduced sometimes to as little as |°, i.e. 20 pV. In this case, since three scale-divisions (occupying 5 mm.) corre sponded to 1 pV, an error of one-fifth division in the position of the spot when the watch was stopped would introduce an error of Such an error would correspond to rather more than half a second of time. I t is in this range th at various experimenters have claimed to detect large variations, and even discontinuities, in the specific heat curve. Our own experiments do not reveal these, though, as mentioned above, they do show an increased absorption of heat in the range from about 120 to 280° C, reaching a maximum of about % at a temperature in the neighbourhood of 200° C. Most of the experiments were carried out with chromel-alumel thermocouples, which are the most suitable base-metal couples for tem peratures up to 1000° C. They have, however, the defect th at there is a sharp change in slope in the calibration curve at about 150° C, and it was thought desirable to verify th at the local increase in specific heat was not a spurious effect introduced by slight errors in the calibration curve. Over this part of the temperature range, therefore, two sets of observations were taken using nichrome-constantan thermocouples. These gave a specific heat which was slightly lower than th at obtained with the chromel-alumel couples, though the general features of the curve were confirmed. It was also found th at the results were the same whether the energy input was at the rate of 50 or 35 W. Altogether, ten out of the various series of experiments covered all or part of the range up to 300° C, and a figure showing all the observations would be too confused. The mean curve is given in figure 4. I t was noted th at the first and last sets carried out with chromel-alumel couples agreed, showing th a t there had been no change in the specific heat with time or with the successive heatings and coolings of the specimen. In figure 5 are shown the data obtained as the mean of the two series of observations using nichrome-constantan thermoelements.
There are inherent limitations to the use of thermoelements for the measurement of small differences of temperature on account of low sen sitivity and calibration difficulties. If absolute values of high accuracy were required over this range of temperature, a modification of the method would be made as the present apparatus was designed primarily for high tem perature work.
(6)
From 300 to 900° C ( the commencement of the tr
The main feature in this region is the magnetic point, which was found to have its peak a t 755° C. Its effect, however, appears to spread over a very large temperature range on each side of this peak; so much so th a t the limits can hardly be defined, and the question as to the heat absorption associated with the magnetic point is not susceptible of a definite answer.* The specific heat curve in this region, the mean of five sets of experiments, is given in figure 6 , on which the individual observations of one set only are given, in order to avoid confusion. I t was noted that, in general, the later experi ments gave slightly higher values than the earlier ones in the range 400-750° C, though this was probably fortuitous since the last experiment of all gave lower values than the one which preceded it.
* [Note added 6 December 1939.] Experiments on steels which have since been carried out suggest that the contribution to the specific heat which is independent of the magnetic latent heat can be separated from the total by means of Griineisen's law, if the expansion coefficient of the same material is known.
(c) The CL-y transformation
Immediately above 900° C, the specific heat commences to rise rapidly, so th a t under the circumstances of these experiments, in which the heat input is constant, the temperature rises less and less rapidly, until the rise ceases altogether. In practice, it was usually found th a t the temperature fell slightly below its maximum, and returned to it again in a time of the order to 60 sec. The peak of the transformation was taken to be this maxi mum but the value observed varied by about 1 ° C. I t is manifestly impossible to average curves which tend to infinity at different temperatures, but the best-defined curve is given in figure 7 . I t shows, as mentioned earlier, th a t after the specific heat has begun to decrease, it rises again to a minor maximum before finally falling. This effect is not a peculiarity of this par ticular experiment, but was found also in all the others, except in one case where no observations happened to fall between the main and the sub sidiary peak; in order to show this in the same figure, the observations in the remaining experiments are also plotted, with a shift of the tem perature scale so as to bring the peak to the same place in each set.
The precise values of the specific heat a t the different temperatures within this range of 20° C are probably subject to some error owing to the annihila tion and subsequent rebuilding of the temperature gradient in the specimen, but the curve must be correct in its main features.
The quantity which is of most interest is the heat absorption associated with the transformation. This has been calculated from each of the four experiments, as follows: The total time occupied by the specimen in rising from a temperature corresponding to an e.m.f. of 37,300 fiY to th a t corre sponding to 38,100 fiV was taken from the observation record, and the total energy input in this time was computed. The heat necessary to raise the temperature of the specimen from the lower fixed tem perature to the observed transformation point, and through a temperature interval corre sponding to the natural fall of temperature (interpolated from the observed rate of drift before and after the experiment), was subtracted from this input, and a similar correction applied for the heat necessary to raise the specimen from the transformation temperature to the upper limit. For these corrections, the specific heats below and above the transformation range were extrapolated from the results of the particular experiment, though the results would not have been appreciably affected if a mean value had been used. (d) From 910 to 950° C (y iron) .
The data above the cc-y transformation are shown on an open scale in figure 8 .
Discussion of results
The specific heat of iron has been the subject of a t least tw enty researches, but of these all save a few recent ones can be disregarded, either because they were carried out on iron of law purity, or because of the uncertainty of the temperature scale used, or, most frequently, because the difficulties of deducing the specific heat from measurements of total heat over con siderable ranges led to large errors. These difficulties are enormously greater in a material like iron, where the specific heat is subject to rapid changes at different temperatures, than in a material of which the specific heat rises gradually and uniformly with temperature. The whole of the literature prior to 1935 was surveyed in a book entitled The metal iron published in th a t year by Cleaves and Thompson, and earlier work calls for no further comment.
Below room temperature, the results of recent work are fairly concordant, and the values given by Austin (1932) , who reviewed the literature with great care, are probably still the most reliable. They are given in table 1. From 0° C to the magnetic point a t 750° C, the results of the more recent investigators are in fair agreement. These investigators include Oberhoffer and Grosse (1927) , Wiist, Meuthen and Durrer (1918), K linkhardt (1927) , Umino (1926 Umino ( , 1929 and Baerlecken (1933) . Of these the most interesting work is th a t of Klinkhardt (1927) , who was the first to use a " point " method of determining the specific heat, instead of deducing it from heat capacities over large ranges. He heated the specimen through small tem perature intervals by electron bombardment, and measured the corresponding temperature rise. His results are compared with our own in table 2 below. Three workers since 1933 have reported the results of measurements on true specific heat, viz. Mile Lapp (1936) , Baerlecken (1933) and Sykes and Evans (1938) . Their results are included in table 2, as also are those of Jaeger, Rosenbohm and Zuithoff (1938) , which were determined by the method of mixtures. The temperature of the magnetic transformation (the so-called Curie point) had been found by earlier writers as 780r-785° C, and was stated to vary little with the state of purity of the iron. K linkhardt (1927), however, using the electron bombardment method, found th a t the thermal effect associated with this point extends over a wide range of temperature on both sides of the maximum, and the latter occurred a t 760° C. He explains this lowering as due in fact to the residual impurities, to which he says the Curie point is very sensitive. We ourselves find the peak a t 755° C, Jaeger and his colleagues (1938) give 760° C, and Mile Lapp (1936) locates it a t 758° C. I t would appear, therefore, th a t the thermal effect reaches its maximum a t a much lower temperature than has usually been cited as tho Curie point, and it is possible that, a t high purity, it falls as the impurities are reduced.
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From the magnetic point to the a-y transformation
Results in the region above the magnetic transformation, at the time of the publication of Cleaves and Thompson's book (1935) , were very discordant. The present position may be gauged from table 3 below, which compares the results of the same authors as were considered in table 2, with the exception of Sykes (1938) , who made no measurements in this tem perature range. 
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Temperature of the transformation from iron
As stated above, we find th a t the specific heat commences to rise at about 900° C, becoming infinite at about 903° C and immediately falling, after which it rises again to a subsidiary maximum a t 908° C. The initial rise before 903° C is probably not characteristic of iron, but an effect due to the impossibility of instantaneously annulling the temperature gradient in the specimen. I t is probable, therefore, th at the centre of the specimen reaches the transformation temperature, 903° C, before the outer layers, and th at actually the transformation is very sharp. The shape of the curve suggests th at the subsidiary maximum is less sharp, though it probably only occupies a few degrees. K linkhardt (1927) stated th at the specific heat begins to rise a t 904° C, passes through a very high maximum at 911° C and then returns to the normal value. His curve, however, does not show the rise, since he has extrapolated it smoothly to the transformation temperature a t 908° C. Jaeger, Rosenbohm and Zuithoff (1938) give the transformation tempera ture as 906° C, with no comment as to possible spreading over a range, and Mile Lapp (1936) states th a t it occurred at 910° C. Her observations, how ever, we?e made at 885, 910, 913, 914-4 and 918° C and were thus clearly insufficient to locate the point accurately; the highest value which she gives for the specific heat in this range is 0-175 at 914-4° C.
Above the cc-y transformation
For the specific heat of y iron, our own results are less reliable than at lower temperatures, since the difficulties of securing equality of temperature between the outer jacket and the specimen increased rapidly above 900° C. In figure 8 the results are shown on an open scale. Again, the specific heat of y iron is subject to no discontinuities until the A 4 point is reached, at which a iron again became the stable form. The method of mixtures is therefore entitled to weight in this region, and in table 4 we include therefore the results of Umino (1926) , who has used this method up to the melting point of iron. 
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Summary 1 j
The energy changes associated with the Curie point of iron are not con centrated closely around th a t point, but influence the specific heat curve over a wide range. In the range from 50° C to the Curie point, which was found to occur a t 755° C, the specific heat rises fairly regularly except th a t there is a slight increase above the regular increment, amounting to rather less than 2 % a t its maximum, over a broad band of temperature centred around 200° C.
Above the magnetic point, the specific heat falls rapidly, but the thermal effect of the magnetic transformation is still visible when the a-y trans formation sets in. At this point, iron changes from a body-centred to a facecentred lattice. I t was found th a t the transformation is a t least in part a true phase-change involving a latent heat, since energy could be added for a considerable time without any rise of temperature. The latent heat associated with the change was measured as 3*9! cal./g. I t was further
